Sulfoquinovosyldiacylglycerol (SQDG) contents in conifer leaves and their fatty acid (FA) compositions were determined. The SQDG content was 16-36 mg/ 100 g, and was high in Picea glehnii. Palmitic and -linolenic acid were the usually predominant FAs. In Picea, the proportion of -linolenic acid was low, and those of oleic and linoleic acid were high. The essential oil residues of Abies sachalinensis leaves were found to be a potential source of SQDG material.
Key words: sulfoquinovosyldiacylglycerol; fatty acid; conifer; evaporative light scattering detection; high performance liquid chromatography Glyceroglycolipids, which are chloroplast lipids, have been reported to have various biological activities and have been evaluated for their functional lipids. [1] [2] [3] [4] [5] [6] In particular, SQDG, a general chloroplast lipid, 7) has been reported to have food functionalities 3, 4) and biological activities. 5, 6) Thus SQDG has potential value as a functional food material and as a medicine. Although there are no simple, convenient quantitative methods for SQDG in plants and algae, we have reported the simultaneous quantification of glyceroglycolipids as determined by the HPLC-ELSD and SQDG contents of vegetables. 8) The forest area of Hokkaido is 22.1% of the total forest area of Japan, and the annual quantity of felled trees is 4.3 million m 3 /year. 9) Almost all the leaf waste from logging currently remains unused. The development of better utilization technologies is important from the viewpoints of forest conservation and utilization of forest resources. As for conifer leaves, a few studies have reported their SQDG contents and FA compositions. 10) In this study, the SQDG contents and their FA compositions in leaves of six coniferous species grown in Hokkaido were determined, and the essential oil residues of Abies sachalinensis were also analyzed to evaluate it as a potential resource of SQDG material.
The residues are a by-product of essential oil extraction, reaching annually about 5 tons in Shimokawa-cho, Hokkaido.
Samples were collected from the Forestry Research Institute (Bibai, Hokkaido, Japan) on September 5, 2006 . The conifers used for analysis were A. sachalinensis Masters, Picea jezoensis Carr., P. glehnii Masters, Larix kaempferi (Lamb.) Carr., L. gmelinii var. japonica Pilg., and L. gmelinii var. japonica Pilg. Â L. kaempferi (Lamb.) Carr. (hybrid larch F 1 ). The collected branches were frozen immediately pending analysis, and the leaves were used in analysis. In addition, we analyzed the residues of A. sachalinensis leaves after steam distillation at 120 C for 2 h. The intact leaf samples were boiled for 1 min to deactivate lipolytic enzymes and were crushed in a homogenizer (Nihonseiki Kaisya, Tokyo) under liquid nitrogen. The leaf powder was immediately extracted with 3 volumes of chloroform-methanol solution (2:1, v/v) for 1 h with shaking, and then filtrated. The essential oil residues were extracted in the same manner as the intact samples after homogenization, except for boiling. The samples were extracted 4 times, and the combined extracts were washed with Folch's partition.
11) The lower phase was evaporated to dryness to yield total lipids (TLs).
The TLs were fractionated with a Toyopak DEAE M cartridge (Tosoh, Tokyo). The cartridge was eluted successively with chloroform-methanol (2:1, v/v) and chloroform-methanol-1 M ammonium acetate (20:80:1, v/v). The latter fraction was washed, 11) and the lower phase was evaporated to dryness to yield the acidic lipid fraction. The fractions were dissolved in chloroformmethanol solution (2:1, v/v) containing 0.001% butylated hydroxytoluene (Wako Pure Chemical Industries, Osaka, Japan).
To identify the lipid classes, TL was analyzed by thin-layer chromatography (TLC) on silica gel (Merck, Darmstadt, Germany; layer thickness, 0.25 mm) with chloroform-acetone-methanol-acetic acid-water The acidic lipid fraction was analyzed by HPLC to quantify SQDG. HPLC analysis was conducted using LC-10AD (Shimadzu, Kyoto, Japan) equipped with ELSD, as described in a previous paper.
8) The calibration curve was prepared with SQDG from spinach leaves, and the peaks were identified by the retention times of commercial standards of phosphatidylglycerol (PG), phosphatidylinositol (PI) (Sigma-Aldrich, St. Louis, MO), and SQDG (Kanto Chemical, Tokyo). 8) For FA analysis, SQDG was separated from the acidic lipid fraction by TLC and treated with methanolic 5% HCl for 1 h at 95 C, as described previously.
12) The resulting FA methyl esters were analyzed by GC-MS (JMS-600H, JEOL, Tokyo) equipped with a capillary column of CP-Sil 88 for FAME (50 m Â 0:25 mm i.d., Varian, Palo Alto, CA). The column was heated from 80 C to 180 C at 15 C/min, then from 180 C to 220 C at 2 C/min, and held for 10 min. Helium was used as the carrier gas, the injector temperature was maintained at 210 C, and the ionizing energy was 70 eV. GC analysis was conducted using a gas-liquid chromatograph equipped with a hydrogen FID (GC-14A, Shimadzu, Kyoto, Japan) under the same conditions as for GC-MS analysis. Peaks were identified by their retention times and mass spectra, and FA compositions were calculated from the peak areas. 13, 14) The analytical data are presented as averages of at least three replicates, along with the standard deviations.
Standard compounds of PG, SQDG, and PI isolated from spinach were analyzed by ELSD-HPLC with gradient elution (Fig. 1A) . ELSD provided a curvilinear response to the masses of the standard lipids.
8) The correlation coefficient R 2 of the calibration curve prepared with SQDG purified from spinach leaves was 0.9958 between 0.5 and 10 mg. The SQDG contents of the acidic lipid fractions (20 mg) from conifer leaves were determined by ELSD-HPLC and were calculated from the peak areas using the calibration curve (Fig. 1B) . The peak at 9.3 min was tentatively identified as phosphatidic acid, and the peak at 8.8 min went unidentified. The contents of SQDG ranged from 0.3 to 1.2% of TL. The SQDG contents were low in P. jezoensis and A. sachalinensis, which showed high TL contents. The SQDG contents in the leaves ranged from 16 to 36 mg per 100 g of fresh weight, and were high in P. glehnii and A. sachalinensis (Table 1) .
The FA compositions of SQDG are shown in Table 2 . The predominant FAs in all the conifers were palmitic acid (16:0) and -linolenic acid, 18:3 (9, 12, 15). Á5 FA, a characteristic FA of Pinaceae, was also found. 13) In P. jezoensis and P. glehnii, oleic (18:1) and linoleic acid (18:2 (9, 12)) showed high contents. The proportion of 18:3 was highest in A. sachalinensis (40%), followed by Larix (36-38%) and P. glehnii (24%). In P. jezoensis, the proportion of 18:3 was remarkably low (12%), and those of 18:1 and 18:2 were high (14% and 17% respectively), which suggests that the polyunsaturation of 18:1 to 18:2 and 18:3 did not proceed. In addition, P. glehnii also contained a high amount of 18:2 (16%). It is characteristic of these two conifers that the unsaturation index calculated from FA compositions was lower than those of the other conifers.
The SQDG content of the essential oil residues was 24.7 mg per 100 g of residues, similar to that of intact A. sachalinensis leaves ( Table 1 ). The predominant FA was 18:3 (52%), followed by 16:0 (Table 2) . Thus a high content of 18:3 indicates that little oxidation of polyunsaturated FA occurs in high temperature treatment in essential oil production. It is supposed that the small difference in the FA composition of SQDG as between the essential oil residues and the intact leaves was due to differences in the collection season, etc., of the leaves. Moreover, degradation products of the lipids, phosphatidic acid and free FA, were barely detected by TLC analysis of the acidic lipid fraction from the essential oil residues (data not shown). This may be because the collected leaves were immediately heated in the essential oil production process, which deactivated lipolysis enzymes in the leaves, and thus the time before the heat treatment of the residues was shorter than that for the other intact leaf samples. 
It has been reported that SQDG from spinach leaves, in which the predominant FAs are 16:0 and 18:3, has inhibitory effects on DNA polymerase 1) and affects the growth and differentiation of murine neuroblastoma cells. 15) Since the FA compositions of conifer and spinach SQDG were similar (Table 2) , SQDG from conifer leaves would also have these activities, but this calls for further investigation. Moreover, by comparison of the latter activities of SQDG from sea algae, spinach, and chlorella, it was found that the activities depend on the esterified FA in SQDG. 15) In comparison with vegetables, the SQDG contents of conifer leaves (16-36 mg) were at the same level as those of perilla (leaf), chive (leaf), broccoli (flower and stem), and pumpkin (fruit) (14-36 mg).
8) The SQDG contents of A. sachalinensis and P. glehnii, which were greater than those of the other conifers, corresponded to approximately 1/3 of the content of parsley (leaf). However, coniferous leaves are an unused resource, and hence would be ideal for separating SQDG. Moreover, the essential oil residues of A. sachalinensis leaves were found to have almost the same SQDG level as those of the intact leaves. They also lost the activities of their lipolysis enzymes. Therefore, it is assumed that they may be a useful source of SQDG material. 
